S-adenosylmethionine (SAM) is important as a methyl donor in many biological processes, and as a key regulatory compound in the homeostasis of the cellular metabolism of amino acids containing sulfur.
1) Excess SAM accumulates in yeast cell vacuoles to control the cytosolic SAM concentration for the homeostasis of sulfur amino acid metabolism.
2) When SAM increases, the SCF Met30 complex mediates transcriptional repression of the MET gene network by triggering degradation of the transcriptional activator Met4p.
3) Vps mutants, which are categorized in class C and cannot form normal vacuoles, have a methionine auxotroph phenotype, because they cannot store excess SAM in the vacuoles and thus control the intracellular SAM concentration. 4, 5) Many studies have attempted to elucidate the mechanism of SAM accumulation into vacuoles, but whether yeast cells recycle accumulated SAM is unknown. We postulated that accumulated SAM in the vacuoles of yeast cells is recycled for growth under sulfur and nitrogen starvation. Yeast cells might accumulate SAM not only for the homeostasis of sulfur amino acids but also for the storage of energy and sulfur sources for biological processes, because SAM, which is generated by ATP-induced methionine activation, has a high-energy sulfonium ion.
1) To test this hypothesis, we analyzed SAM consumption rates in yeast cells, and measured the final cell mass in media containing various sulfur and nitrogen sources.
Saccharomyces cerevisiae K-9 cells were cultured with high-and low-SAM in A and B media respectively for 24 h at 30 C, as described in Table 1 . Yeast cells accumulated SAM in medium A, SD medium supplemented with 0.15% methionine, but not in medium B, SD medium without methionine or other amino acids. The two types of yeast cells were then inoculated into fresh A, B, and C media to a level of OD 660 = 0.1 (Table 1) and aerobically cultivated at 30 C. C medium was SD medium containing urea instead of ammonium sulfate as the nitrogen source. The SAM contents of yeast cells were measured as described previously, 6) and growth was measured at OD 660 .
Yeast cells that were precultured in medium A contained high concentrations of SAM (high-SAM yeast), whereas those precultured in medium B contained low concentrations of SAM (low-SAM yeast). Since the growth rates of high-SAM yeast inoculated into A, B, and C media were similar (Fig. 1a) , no lag time was required for adaptation from media without to that with methionine. Cells in medium C rapidly consumed SAM, the level of SAM decreased slowly in medium A, and it decreased at an intermediate rate in medium B. Thus the rate of SAM consumption depended on the type and amount of sulfur and nitrogen sources in each medium.
On the other hand, when low-SAM yeast was inoculated into A, B, and C media, SAM accumulated only in yeast cells cultured in medium A (Fig. 1b) . Because SAM started to accumulate in yeast cells in medium A immediately after inoculation, methionine in the medium must have been quickly converted to intracellular SAM. The accumulation and consumption of SAM in the yeast cells appeared to be dependent on the medium. The growth rates of low-SAM yeasts in the different media were in the order B > A > C. However the re- Note tarded growth in medium C was apparently due to low levels of nitrogen and sulfur, and that of the yeast cells in medium A with methionine was not faster than those in the B and C media without methionine. The growth rates of high-SAM yeasts were not faster than those of low-SAM yeasts in the same medium in the present study. The retarded growth rate of yeast cells that accumulated high concentrations of SAM is consistent with the findings that exogenous SAM delays the cellcycle in G1 6) and that SAM hyperaccumulation causes a growth defect in vps mutants. 4, 5) The SAM that accumulates in yeast cells might play roles as a nutritional source and as a negative regulator. The different growth rates of yeast under these conditions might have been caused solely by the negative effect of intracellular SAM accumulation. To test the hypothesis that the different growth rates under these conditions were caused by the nutritional source of SAM that accumulated in yeast cells, high-and low-SAM yeasts were inoculated at OD 660 = 0.05 into medium D, which was low in sulfur and nitrogen (Table 1) . Low-SAM yeasts grew faster than high-SAM yeasts during the early log phase in medium D, as described above. However, at the end of growth, the cell mass of low-SAM yeasts was only about 70% of that of high-SAM yeasts, even though the former initially grew faster in the early log phase (Fig. 2) . Additionally, the SAM contents of high-SAM yeast decreased just after inoculation, and those of low-SAM yeast were not detected. These findings indicate that recycled high-SAM yeasts accumulated intracellular SAM as a nutritional source. Thus the SAM consumption rate depended on nutritional sources in the medium. Intracellular SAM inhibited the growth of high-SAM yeasts during the early growth phase, but the cell mass of high-SAM yeasts was higher than that of low-SAM yeasts at the end of growth under nitrogen and sulfur limited conditions. The difference in growth yields between low-and high-SAM yeasts under nitrogen and sulfur-limited conditions was due to the amounts of intracellular SAM utilized for cell growth.
We concluded from these findings that accumulated SAM in yeast cells can be utilized for growth depending on the nitrogen and sulfur source in the medium and that it acts as a negative growth regulator. High-(open circles, SAM contents; closed circles, growth) and low-SAM (open triangles, SAM contents; closed triangles, growth) accumulating yeasts were inoculated in medium D, whose composition is shown in Table 1 , at OD 660 = 0.05, and cultured at 30 C aerobically.
